Abstract. The present study aimed to investigate the regulatory mechanism of the AmpC enzyme by analyzing the construction and function of AmpCR, AmpE and AmpG genes in the Dhahran (DHA)-1 plasmid of Klebsiella pneumoniae (K. pneumoniae). The production of AmpC and extended-spectrum β-lactamase (ESBL) were determined following the cefoxitin (FOX) inducing test for AmpC, preliminary screening and confirmation tests for ESBL in 10 DHA-1 plasmid AmpC enzymes of K. pneumoniae strains. AmpCR, AmpD, AmpE and AmpG sequences were analyzed by polymerase chain reaction. The pACYC184-X plasmid analysis system was established and examined by regulating the pAmpC enzyme expression. The electrophoretic bands of AmpCR, AmpD, AmpE and AmpG were expressed. Numerous mutations in AmpC + AmpR (AmpCR) and in the intergenic region cistron of AmpC-AmpR, AmpD, AmpE and AmpG were observed. The homology of AmpC and AmpR, in relation to the Morganella morganii strain, was 99%, which was determined by comparing the gene sequences of Kp1 with those of Kp17 AmpCR. The specific combination of AmpR and labeled probe demonstrated a band retarded phenomenon and established a spatial model of AmpR. All the enzyme production strains demonstrated Val93→Ala in AmpG; six transmembrane domains were found in AmpE in all strains, with the exception of Kp1 and Kp4, which had only three transmembrane segments that were caused by mutation. The DHA-1 plasmid AmpC enzymes encoded by plasmid are similar to the inducible chromosomal AmpC enzymes, which are also regulated
Introduction
β-lactam is an effective antibiotic eliciting marginally toxic effects. This antibiotic has been widely used for a number of years. As such, certain bacteria produce hydrolases that induce resistance. Numerous factors contributing to antibiotic resistance have been determined; these factors include Capnocytophaga species, one of the most frequently identified organisms in the oral microbiome (1) . A clinical survey has demonstrated that the overall prevalence of extended-spectrum β-lactamase (ESBL)-producing Klebsiella pneumoniae (K. pneumoniae) is 11.8% (2) .
AmpC β-lactamase belongs to group I and class C according to the functional classification by Bush et al and the molecular classification by Ambler et al, respectively (3, 4) . Due to high AmpC enzyme expression levels, bacteria are resistant to penicillin, cephalosporin generations I, II and III, cephamycins, monobactams and enzyme inhibitors (5); therefore, numerous studies have focused on this enzyme.
AmpC β-lactamases may be divided according to chromosome-and plasmid-mediated types. Although the mechanism of AmpC enzyme synthesis remains unclear, this enzyme is possibly regulated by an Amp composite operon, which is present in numerous Gram-negative bacteria containing AmpC as a structural gene, as well as AmpC, AmpR, AmpG, AmpD and AmpE as regulatory genes. The AmpC gene codes for the AmpC enzyme, which is then regulated by AmpR, AmpG, AmpD and AmpE (6) (7) (8) (9) . Although the AmpC enzyme may be translated from the AmpC gene, this enzyme has numerous mutations (10) . AmpR and AmpC are arranged contiguously and are transcribed reversely to produce an AmpR protein; this protein is a negative regulatory factor of AmpC (11) . With the emergence of β-lactamase antibiotics, AmpR activates AmpC to produce an AmpC enzyme; otherwise, AmpR functions as an AmpC suppressor (6, 11) . AmpG is a transmembrane protein, a permease, which is able to transfer substances between the periplasmic space and the cytoplasm to AmpR by other proteins; therefore, AmpR may also function as an activator to DHA-1 plasmid-mediated AmpC β-lactamase expression and regulation of Klebsiella pnuemoniae isolates promote AmpC (6) . AmpD is translated from AmpD as a new type of N-acetyl glucosamine-L-alanine amidase. AmpD is a negative regulator of β-lactamases and is located at the distal end next to the AmpE gene (7, 11, 12) . AmpE is situated at the downstream region of AmpD, which is expressed coordinately with AmpD; however, the function of this gene in AmpC enzyme induction remains unclear (13) . Studies have demonstrated that strains expressing the AmpC enzyme contain high levels of AmpD, AmpR and AmpG; AmpD is a regulator of AmpC by AmpD protein, which negatively regulates the AmpC enzyme (14, 15) . One cross-sectional study dealt with the isolation of bacteria from critically ill patients who had undergone tracheal intubation and mechanical ventilation; 32.9% of the bacterial strains were Acinetobacter spp. and 25.1% were K. pneumoniae, with Acinetobacter spp. the predominant AmpC β-lactamase producer (16) . AmpC enzymes that are produced in plasmids also exhibit the same biochemical properties and resistance as chromosome types, as well as the same active sites identified by amino acid sequences analysis, including Ser-X-X-Lys at position 64 (the essential site of serine), Lys-Ser/Thr-Gly at position 315-317 (the essential site in active center tertiary structure) and tyrosine residue at position 150 (one important site of Thy-C-Asn in Class C enzyme that facilitates the hydrolysis of β-lactamases). With the induction of AmpC enzyme in the plasmid, certain cephalosporins cause resistance by inducing AmpC expression. The resistance is associated with AmpC, AmpD, AmpE, AmpR and AmpG, as chromosomal types; simultaneously, the resistance became stronger with the multiplication of the resistant strains that causes treatment failure clinically. The majority of the time, the resistance genes are transformed between the chromosome and plasmid by transposon, integron and insertion sequences (5); therefore, the resistance induced by plasmid-mediated AmpC enzyme causes more harm than that of chromosome-mediated AmpC.
Plasmid-mediated AmpC enzymes are commonly detected in K. pneumoniae (17) . In a previous study, the levels of DHA-1 plasmid AmpC enzyme were detected locally; the sequences of AmpC + AmpR (AmpCR), AmpD, AmpE and AmpG genes in the DHA-1 plasmid of K. pneumoniae and the effect of the AmpD repressor gene on pAmpC were also identified. With the establishment of the pACYC184-X plasmid system, pAmpC regulation was revealed; meanwhile, AmpD mutation in the plasmid-mediated AmpC enzyme was detected by examining the sequence of the structural and promoter genes, as well as the whole gene. To understand the effect of AmpR on the AmpC enzyme, the transcriptional activity, space structure and AmpIR sequence of Kp1 AmpR were detected, and the topological structure of AmpE and AmpG were simultaneously predicted. In conclusion, the resistance of strains that produce the AmpC enzyme was further understood, along with the development of a theory regarding the plasmid Amp operon. (18, 19) . ESBL and AmpC induction may be observed on the same plate simultaneously. FOX and AMC were induced at the center, whereas PRL, CAZ, cefepim (FEP), CTX, ATM, TZP and ceftriaxone (CRO) surrounded the periphery and were distributed evenly. The plate was cultured at 35˚C for 18-20 h. E. coli ATCC25922 was selected as the negative control strain and E. cloacae 029 was selected as the inducible AmpC enzyme positive control strain. The results were categorized according to the following criteria: ESBL-positive (the bacteriostasis circle close to the AMC side expanded or widened), inducible AmpC enzymes (the bacteriostasis circle around FOX or close to FOX became flat or depressed) and sustainable yield AmpC enzyme (the edge of the bacteriostasis circle became smooth).
Materials and methods

Strains
Amplification of chromosomal DNA and preparation of the plasmid template. The stains were inoculated on blood agar following isolation and were cultured overnight at 37˚C. A single colony was selected to inoculate the 5 ml LB liquid medium of FOX (with a final concentration of 16 µg/ml), then incubated in a shaking water bath at 200 r/min and 37˚C for 18-20 h. Subsequently, the chromosomal DNA was extracted from 3 ml culture medium, and the plasmid DNA was extracted from 1-2 ml culture medium. The procedure was performed according to the manufacturer's instructions of the E.Z.N.A. 
E. coli
DH5α
BamHI
Klebsiella pneumoniae
Klebsiella pneumoniae Table I ). The plasmid AmpCR gene and chromosomal AmpD, AmpE and AmpG genes were amplified and purified by polymerase chain reaction (PCR) using primers P1-P2, P3-P4, KPGF-KPGR and KPEF-KPER, shown in Table I The chromosomal AmpD structural gene was amplified by PCR and conjugated to the pGEM-T Easy carrier to form pT-AmpD, whose sequence was also detected. The site of the AmpD gene promoter was predicted by Softberry Fgenesh (http://www.softberry.com) for sequence analysis. The AmpDP PCR procedure was performed with initial denaturation at 94˚C for 5 min, 30 cycles of 30 sec each denaturation at 94˚C, annealing at 62˚C for 30 sec, extension at 72˚C for 45 sec and a final extension at 72˚C for 5 min. A recombinant carrier, pK-AmpDP, was identified by the conjugation of the promoter sequence to pKK232-8 promoter probe plasmid, and transformed into E. coli DH5α, which was selected from the double-resistant plates of ampicillin and chloramphenicol.
Effect of exogenous AmpCR and AmpD on AmpC enzyme induction of host bacteria.
The AmpCR gene was cloned into pACYC184 carrier in Kp1 and Kp17 strains to form the recombinant plasmid pACYC184-AmpCR. The plasmid was then transformed into E. coli DH5α (AmpCR -/AmpD + ) to evaluate the AmpC enzyme expression in recombinant E-AmpCR with the exogenous AmpCR induced into the AmpCR -/ AmpD + strain. The AmpD gene was cloned into the pACYC184 carrier to form the recombinant plasmid pACYC184-AmpD. The plasmid was then transformed into E. cloacae 029M (AmpCR + /AmpD -) with the a high level of AmpC expression sustained, due to the AmpD mutation to examine the AmpC enzyme expression in recombinant Ea-AmpD with the exogenous AmpD + induced into the AmpCR + /AmpD -strain. The impact on AmpC enzyme in the host strain by recombinant plasmid pACYC184-AmpCR and pACYC184-AmpD was evaluated by examination of the induced resistance phenotype and the FOX minimum inhibitory concentration (MIC). All primers, cloning carriers and cloning strains are listed in Table I .
Electromobility shift assay (EMSA) of AmpIR and AmpR.
The interaction between AmpIR and AmpR was detected using EMSA with the mark of biotin probes and chemiluminescent detection technology in Kp1 (DHA-1 plasmid AmpC enzyme K. pneumoniae) and purified recombinant AmpR. The AmpC-R (including AmpR, AmpIR and AmpC) was amplified using PCR using primers P1 and P2, shown in Table I , and conjugated with the pGEM-T Easy carrier, prior to sequencing using an ABI Prism3100 automated DNA sequencer (Applied Biosystems Life Technologies, Foster City, CA, USA). The nucleotide and amino acid sequences were analyzed using the BLAST program of the NCBI. The 3D structure of AmpR was established according to the sequence of amino acids, with Pseudomonas aeruginosa (P. aeruginosa) transcriptional regulator PAO477 as the template by Swiss-Model server (http://www.swissmodel.expasy.org) and SPdviewer 4.0.1 (http://www.swissmodel.expasy.org).
Topology prediction analysis of AmpE and AmpG. The transmembrane domains of all DHA-1 K. pneumoniae and Kps were predicted by SOSUI engine ver. 1.1 (http://bp.nuap.nagoya-u. ac.jp/sosui/sosui_submit.html). The AmpE and AmpG transmembrane domains in the experiment and sensitive strains were also analyzed, as well as the functions of these enzymes.
Ethical approval. The study was approved by the ethics committee of the Second Affiliated Hospital of Harbin Medical University.
Results
Analysis of Amp protein expression and gene mutation.
All the electrophoretic bands were at their expected positions following amplification by PCR with the specific primers.
Mutations and amino acid changes were analyzed by comparing them with the corresponding sequences of M. morganii (Genbank No.AF055067) and K. pneumoniae strains that were sensitive to all the antibiotics tested, using Align of the BLAST program. All ten revealed the same AmpR mutations (Thr114 "Ala). AmpG mutations were identified in all K. pneumoniae strains compared with the strains that were sensitive to all the antibiotics. The changes in the amino acids were: i) Silent mutations: Kp20, Kp21 and Kp22; ii) site 97 alanine mutated to threonine (Ala97→Thr): Kp1, Kp4; iii) isoleucine transformed into leucine (Ile19→Leu); iv) site 97 alanine mutated to threonine (Ala97→Thr): Kp11, Kp13, Kp17, Kp18 and Kp19 (Table II) .
Sequence alignment and location of AmpD promoter. The DNA fragment, amplified by PCR of the AmpD promoter with a length of ~330 bp, was linked to the pKK232-8 probe plasmid with the CAT gene and was transfected into E. coli DH5α-competent cells. The -10 box of the AmpD promoter in K. pneumoniae was located upstream, at the -19 to -24 position, and the sequence was TGAGTT (as predicted by Softberry Fgenesh gene finder). Additionally, the -35 box was located upstream, at approximately -53 to -58, and the sequence was TTCATC. No nucleotide mutation was found in the internal sequence between the structural and promoter genes of AmpD K. pneumoniae compared with the FOX-susceptible strains, whereas the mutation at the structural and promoter genes were the same.
FOX-resistant phenotype and MIC of recombinant E-ampCR1
and E-ampCR17. Host strain E. coli DH5α was initially TIGFFSLVGQAYVFKFLWSPLMD  70  23  3  82  GWLLTTQVLLLLAIAAMGFLEPV  104  23  4  144  GAAISVLGYRLGMLVSGGLALWL  166  23  5  174  QGMYWLMAALLVPCIIATLLAPE  196  23  6  225  WLILLLIVLYKLGDAFAMSLTTT  247  23  7  278  YGGVLMQRLTLFRALLIFGLLQG  300  23  8  321  TAVFFENLCGGMGTAAFVALLMT  343  23  9  352  TQFALLSALSAVGRVYVGPIAGW  374  23  10  383  TFYLFSVVAAVPGIALLLLCRQT  405  23  11  426  ALALGILTLGCLLLAVWLALLIL  448  23  12  461  GLLEVAALTAVGGILFGGLLDYL  483  23 sensitive to all of the antibiotics, and marked resistance was induced by the transfection of exogenous AmpCR. E-AmpCR1 and E-AmpCR17 (pAC YC184-AmpCR) recombinants exhibited inducible resistance to all tested antibiotics, wherein the bacterial inhibition zone was flattened with the FOX or IPM disk as an inducer in the plate center. The MIC value of FOX increased by eight-fold in E-AmpCR1 and E-AmpCR17 compared with the host strain E. coli DH5α, from 16 to 128 µg/ml, and the MIC value demonstrated no change when the free conversion of E-pACYC184 vector plasmid was the recombinant. Therefore, the susceptibility of the host strain was not affected by the pACYC184 vector (Table III) .
Comparison of repressor gene sequences in AmpD-induced strains by PCR and the enzyme digestion of cloning vectors.
The nucleotide and amino acid homology of the AmpD gene with Kp1 and Kp sensitivity were both 100%; while the nucleotide and amino acid homology with Kp17 were both 99%; the 143 leucine changed to isoleucine (Leu→Ile; data not shown).
Structure and resistant phenotype of the pACYC184-AmpD plasmid vector. The AmpD of Kp1 and Kp17 was linked to
XbaI (at position 1425) and HindIII (at position 1524), and the restriction sites of the pACYC184 plasmid vector, respectively; therefore, the plasmid that carried AmpD became the repressor of AmpC β-lactamase. The Ea-AmpD1 and Ea-AmpD17 (pAC YC184-AmpD) recombinants revealed an inducible resistance to CAZ when FOX or IPM were present as inducers. The MIC of FOX on Ea-AmpD1 and Ea-AmpD17 decreased to 256 µg/ ml, whereas the MIC of the E. cloacae 029M host strain was >1,024 µg/ml. Therefore, the AmpD gene, from K. pneumoniae, has a function in partial compensation (Table III) .
Alignment analysis of the AmpIR gene and structural modeling of the AmpR protein.
The DNA-protein interaction system, which was established by an AmpIR probe (biotin-labeled and unlabeled competing probe) and recombinant protein AmpR of K. pneumoniae, demonstrated that the AmpR protein would bind to the probe specifically, and a significant retardation phenomenon would be observed. The suppression was more evident with the increase in protein concentration (Fig. 1) . The AmpCR sequence was 2186 bp, amplified with primers P1 and P2, and the GenBank number was HM568877.1. This sequence contains AmpR, AmpC and AmpIR genes, which are the intercistronic sequences of the AmpC and AmpR genes. Using Blast in NCBI, the homology of AmpIR and the M. morganii strain (GenBank no. AF055067) was identified to be 97%, with three base mutations: 915T→A, 933T→C and 961C→T. Similarity was observed between the DNA biting site of the 38-bp AmpR protein in the Kp1 plasmid and the AmpIR, with a T-N11-A sequence and a unique palindromic region. AmpR protein, which comprises 291 amino acids (EU476911.1), demonstrated one amino acid mutation (114T→A) when compared with the M. morganii strain (AF055067). The structure of AmpR protein was modeled with P. aeruginosa PAO477 regulatory protein (PDB: 2esnB) as the homology template, and was modified by Swiss-Model server and associated software. A helix-turn-helix domain was identified at the AmpR amino terminus, and an auxiliary inducer binding domain was found at the carboxyl terminus (Fig. 2) . (Table IV) . The Ile19→Leu, Ala 97→Thr, Val441→Ala and Ala444→Gly mutations were found in the transmembrane domains (Table IV) .
Prediction of transmembrane domain of
Prediction of transmembrane domain of AmpE in DHA-1 plasmid AmpC enzyme K. pneumoniae. The transmembrane domains of AmpE were predicted by SOSUI and six transmembrane domains in the strains were found. However, Kp1 and Kp4 had a frameshift mutation (155) caused by a base deletion (465 ∆C) and, therefore, only three transmembrane domains were identified (Table V) .
Discussion
K. pneumoniae is one of the most important pathogens that causes clinical infections and nosocomial infections. The wild type of K. pneumoniae is resistant to ampicillin. With the abuse of antibiotics, such as cephalosporins III, bacteria produce ESBLs, which may be suppressed by β-lactamase inhibitors, such as clavulanic acid (20) . In the present study, the gene and amino acid mutations of AmpCR, AmpD, AmpE and AmpG of the DHA-1 plasmid AmpC enzyme were observed in ten K. pneumoniae strains. A high homology was found in the base sequence of AmpCR between the plasmid and chromosome types; and the conserved region of AmpR and its cistron fragment was notably longer than that for AmpC. The interval region of the cistron in the plasmid contained AmpR and AmpC promoters, and a number of the base pairs belonged to both of the promoters, which coincides with the regulation of the AmpC enzyme chromosome (21, 22) and plasmids (23) . High homology was noted between the interval region of the cistron in the AmpC of the Kp strain and chromosome of M. morganii bacteria, where DNA binding sites of AmpR protein that contains T-N11-A sequence and palindrome structure are found. AmpR belongs to LysR regulatory protein family, which is one of the transcription factors of AmpC enzymes (24) that may inhibit AmpC synthesis when β-lactamase enzyme is absent, and promote AmpC synthesis, with β-lactam antibiotics as the inducer. To gain structural insights into AmpR regulation, a crystal structure of the effector binding domain (EBD) was determined; the base of the interdomain pocket of this crystal structure inhibited AmpR from inducing AmpC (Thr103Val, Ser221Ala and Tyr264Phe) or resulted in constitutive AmpC expression (Gly102Glu) (25) . The resistance gene may be transfected by transposons, integrons and insertion sequences, for example, from a chromosome to the plasmid or a plasmid to a plasmid. For example, in producing a plasmid-mediated CFE-1 type AmpC enzyme in E. coli KU640, an insertion sequence 26 (IS26) was found in addition to AmpR and AmpC, which was able to transfer the Amp gene (26) . From the FOX-resistant K. pneumoniae strains, the majority of AmpC genes were Miriam or DHA type, which transfer the resistance carried by the plasmid to the recipient strain by conjugation (27) . The resistance to drugs that is spread between bacterial species by plasmids was the most important mechanism, and marginal differences were noted on the sites and functions of the genes, either encoded by plasmid or chromosome; however, the observations remained different among species (28) . For example, the DHA-2-type AmpC enzyme plasmid-mediated K. pneumoniae is the point-mutant strain of the DHA-1 type AmpC enzyme gene, and has a 99% homology with M. morganii (29) . In the present study, EMSA demonstrated that AmpR binding with AmpIR is the transcription factor of the plasmid AmpC enzyme. The structure of the AmpR protein is similar to the LysR family with a helix-turn-helix domain at the N terminus, which was also constructed in the three-dimensional model of AmpR.
No deletion mutations of the regulatory gene were observed among the 10 strains in the present study, including AmpD, AmpE and AmpG. No AmpD or AmpG mutation was observed in some strains that were used in the present study; however, all of the strains with AmpE mutation were compared with the FOX-susceptible strains. Although mutation occurred in the strains, no strain was identified with the phenotype and MIC of FOX.
AmpD is a cytoplasmic peptidoglycan amidase that is involved in baterial cell-wall recycling and is a key enzyme in β-lactamase induction (30) . AmpD represses the inducible expression of the AmpC enzyme. Mutations in the promoter or the structural gene of AmpD are able to abrogate the repression of AmpC enzyme transcription, and inactivation of AmpD significantly increases AmpC expression. The role of AmpD in entry into the cell wall, recycling events and in reversal of the induction production of β-lactamase has been proposed as a possible factor in the development of antibiotic resistance (31) . At present, the chromosomal AmpD gene was found in K. pneumonia strains. The effect of AmpD on the inducible expression in the presence of DHA-1 type AmpC enzyme with AmpR was examined with the pACYC184-X plasmid evaluation system. Transformation resulted in a decrease in cefoxitin MICs and an inducible phenotype of β-lactams. Thus, the AmpD gene of the Kp1 strain may complement the AmpD mutant background of E. cloacae 029M, in part. These findings highlight the importance of AmpD in the regulation of the K. pneumonia AmpC cephalosporinase production. The location of the AmpD promoter region remains unknown. The present study identified putative promoter -10 box and -35 box regions located -19 --24 bp and -53 -58 bp upstream of AmpD using Softberry FGENESH online, by constructing the recombinant carrier pK-AmpDP which contained the upstream nucleotide sequence of AmpD.
Currently, the majority of studies regarding AmpE focus on the polymorphism, topology prediction and polar characteristics, but not on the function of the gene. AmpE is an intracellular membrane protein composed of 284 amino acids, with a molecular weight of 31.2 kDa. The transmembrane domain suggests that AmpE is a receptor on the membrane, such as anchored protein or ion channel protein (32) . In 1989, Lindquist et al (33) (34) , who proposed that AmpE is the signal transduction protein in the process of AmpC enzyme induction, and the induction of AmpC is completely disrupted without AmpE although AmpR is present. Only three transmembrane segments of AmpE are present in Kp1 and Kp4, but no changes in induction and resistance to FOX are observed. Therefore, AmpC enzyme would not be induced by AmpE independently with the expression of AmpD, AmpG and AmpCR, and no effect on AmpC enzyme was observed with the AmpE mutation. With the cloned normal and mutation sequences of AmpE on the chromosome of K. pneumoniae, AmpE was predicted as a transmembrane protein, which may be used in further investigations on the regulation and molecular biological characteristics of AmpC.
The AmpG gene encodes a transmembrane protein (permease) that transports peptide murein debris from the periplasm to the cytoplasm, which serve as signal molecules for the induction of AmpC β-lactamase (35) . In the present study, the MIC values was extremely high in four strains, with two point mutations (Ile19→Leu and Ala97→Thr) in five strains, but had little association with the AmpG mutation.
The structure of AmpG in K. pneumoniae, as predicted by the SOSUI system, was different from the AmpG in E. coli predicted by Chahboune et al (36) . A total of 12 transmembrane segments and a large cytoplasmic loop B, with N-terminus and C-terminus outside the cytomembrane were found; whereas, 10 transmembrane segments and two large cytoplasmic loops of the AmpG were predicted in E. coli. Schmidt et al (37) obtained three mutant strains of AmpG by nitrosoguanidine E. coli SN0301 (with E. cloacae AmpCR), which were Gly151→Asp151, Gly268→Asp268 and Gly373→Asp373, and all the mutations led to the loss of inducibility and could be recovered with AmpG recovery. AmpG stability was affected by Gly268→Asp268, which was at the beginning of a transmembrane segment; and the inducing signal transduction was affected by Gly151→Asp151 and Gly373→Asp373, which were located at the two large cytoplasmic loop. The amino acid mutations found in the present study (Ile19→Leu, Ala 97→Thr) were in the inside surface of the transmembrane domains, which had no effect on the function of AmpG. Mutations of AmpG, affecting the inducible AmpC β-lactamase production, have been demonstrated, through the use of chemical mutagenesis methods described in previous studies (37, 38) . However, in the present study, spontaneous mutations of the AmpG gene in K. pneumoniae isolates did not have a significant effect on the induction of AmpC. Further investigations are thus required in order to clarify the role of the regulatory genes, AmpR, AmpD, AmpE and AmpG, and their corresponding gene products, in the induction of plasmid-mediated AmpC β-lactamase expression. Additional areas of future research include the role of penicillin-binding proteins or transmembrane proteins as sensors for induction, as well as the interaction of AmpC, AmpR, AmpD, AmpE and AmpG. With the association between all mutations of the AmpG and AmpC enzymes induced, the resistance to β-lactam antibiotics may be partially overcome.
